The differences in immunohistochemical expression of p53, bcl-2, bax, estrogen receptor (ER), and progesterone receptor (PR) were evaluated in 40 endometrioid and 21 papillary serous carcinomas of endometrium and correlated with known predictors of survival, such as grade and stage. Uterine papillary serous adenocarcinomas (UPSA) showed significantly higher p53 expression than did uterine endometrioid adenocarcinomas (UEA) (76.2% versus 35%), whereas both ER and PR were more often positive in endometrioid than in serous tumors (p ‫؍‬ .005 and .0005). No significant difference was found in bcl-2 and bax expression between both histologic types. However, there was definite decrease in intensity of bcl-2 in UPSA compared with UEA. In endometrioid carcinoma, p53 overexpression was associated with high-grade and advanced-stage tumors (p ‫؍‬ .0006 and .006), whereas ER and PR expression was associated with low-grade and earlystage tumors (p ‫؍‬ .0006 and .0001; p ‫؍‬ .003 and .0006). Bcl-2 immunopositivity was more common in low-grade, early-stage rather than in high-grade, advanced-stage adenocarcinomas, but the difference was not statistically significant (p ‫؍‬ .24 and .07). Bax immunopositivity was associated with well-differentiated (p ‫؍‬ .04) and early-stage tumors. Furthermore, a significant inverse relationship between bax and p53 reactivity was defined (p ‫؍‬ .05), especially in tumors of endometrioid type. Bax and PR immunoexpression correlated near the limit of statistical significance (p ‫؍‬ .08), whereas no relationship was found among bax, bcl-2, and ER Endometrial adenocarcinoma (EA) is the most common gynecologic malignancy (1). Traditional factors associated with its prognosis include patient's age, tumor grade, stage, histologic type, and the depth of myometrial invasion. Two histologic types of EA-endometrioid and papillary serousare associated with different biologic behavior (2, 3). Uterine endometrioid adenocarcinomas (UEA) are usually accompanied by endometrial hyperplasia and typically are low grade, are early stage, and have favorable prognosis. Uterine papillary serous adenocarcinomas (UPSA) usually develop in an atrophic endometrium; are high grade; are advanced stage, and do not respond to conventional chemotherapy, radiotherapy, and hormone therapy (4, 5). Recently, a dualistic model of carcinogenesis has been proposed on the basis of the distinctive clinical and histologic features of endometrioid and serous adenocarcinoma (6). Based on this model, UEA is associated with a slow, estrogen-driven model of carcinogenesis whereby unopposed estrogen stimulation leads to the sequential malignant transformation through a stage of atypical endometrial hyperplasia. In contrast, a p53-driven model of
Endometrial adenocarcinoma (EA) is the most common gynecologic malignancy (1) . Traditional factors associated with its prognosis include patient's age, tumor grade, stage, histologic type, and the depth of myometrial invasion. Two histologic types of EA-endometrioid and papillary serousare associated with different biologic behavior (2, 3) . Uterine endometrioid adenocarcinomas (UEA) are usually accompanied by endometrial hyperplasia and typically are low grade, are early stage, and have favorable prognosis. Uterine papillary serous adenocarcinomas (UPSA) usually develop in an atrophic endometrium; are high grade; are advanced stage, and do not respond to conventional chemotherapy, radiotherapy, and hormone therapy (4, 5) . Recently, a dualistic model of carcinogenesis has been proposed on the basis of the distinctive clinical and histologic features of endometrioid and serous adenocarcinoma (6) . Based on this model, UEA is associated with a slow, estrogen-driven model of carcinogenesis whereby unopposed estrogen stimulation leads to the sequential malignant transformation through a stage of atypical endometrial hyperplasia. In contrast, a p53-driven model of carcinogenesis is responsible for the rapid development and progression of UPSA (7) .
Cancer development and growth are associated with the deregulation of cell proliferation as well as programmed cell death or apoptosis. p53 is a tumor suppressor gene located on the short arm of chromosome 17 (8) . Wild type p53 protein contributes to tumor suppression through both arrest of cell proliferation and induction of cell death through apoptosis (9, 10) . Inactivation of p53 function through allelic loss, mutation, or complex formation with other nuclear proteins contributes to malignant transformation. This process makes malignant cells more resistant to cytotoxic chemotherapeutic drugs and radiation because of failure in induction of apoptosis (11) . Although p53 is one of the most commonly mutated genes in human tumors (12) , the molecular and immunohistochemical investigation of p53 expression in endometrial cancer is contradictory and its role remains to be defined.
Bcl-2 and related proteins are some of the most important regulators of programmed cell death or apoptosis. The bcl-2 gene was first described in non-Hodgkin's lymphoma as a result of its involvement in the t(14;18) chromosomal translocation (13) . Subsequently, bcl-2 was reported in many other tumors, including carcinomas of the breast, prostate, and lung (14 -16) . Bcl-2 protein functions at least in part through interactions with other members of the bcl-2 protein family that share homology with its molecule. One of them is bax, a 21 KDa protein that shares approximately 21% homology with bcl-2 and promotes apoptosis (17) . Bax can produce heterodimers with bcl-2 or homodimers with itself. It has been proposed that bcl-2 suppresses cell death through its heterodimerization with bax. Bcl-2/bax heterodimers suppress programmed cell death, whereas bax/bax homodimers promote it. Thus, the ratio of bcl-2/ bax heterodimers to bax/bax homodimers has been hypothesized to function as a kind of intracellular rheostat to control apoptosis (18) . In addition, p53 interferes in this setting as a suggested transcriptional activator of bax as well as a negative transregulator of the bcl-2 gene (19, 20) . There are conflicting reports on the significance of bcl-2 expression in EA, whereas, to the best of our knowledge, no data are available on the expression of bax in endometrial tumors.
The goals of this study were 3 fold: to evaluate the differences in the immunohistochemical expression of p53, bcl-2, bax, estrogen receptor (ER), and progesterone receptor (PR) in endometrioid and serous carcinoma, to correlate the results with tumor grade and stage, and to study the relationship of bax with other immunohistochemical markers.
MATERIALS AND METHODS

Subjects
Sixty-one nonconsecutive hysterectomy specimens that contained EA and were collected between 1986 and 1994 were selected from the files of the Department of Pathology of Magee-Women's Hospital, University of Pittsburgh Medical Center. The tumors had been classified according to histologic type into two main categories-endometrioid and papillary-serous-and had been graded and staged following the current recommendations of the International Federation of Gynecology and Obstetrics. Endometrioid-type carcinomas were composed of glands (architectural Grade 1), a combination of glands and masses of solid epithelium (architectural Grade 2), or predominantly solid proliferations (architectural Grade 3). The nuclear grade was evaluated separately and classified as 1, mild nuclear atypia (slight variation in size and shape, evenly distributed chromatin, inconspicuous nucleoli); 2, moderate nuclear atypia (moderate variation in size and shape, some chromatin clumping, single nucleolus); and 3, severe nuclear atypia (pleomorphism, enlargement, hyperchromatism, irregular coarse chromatin clumping, and prominent eosinophilic nucleoli). The combined grade was obtained by adding 1 to the grade of tumors with architectural Grade 1 or 2 if they displayed severe, Grade 3 nuclear atypia. Serous carcinomas consisted of predominantly papillary proliferations, with admixture of solid and glandular patterns. Tumor cells were loosely cohesive cuboidal or hobnail-shaped with severe nuclear atypia. In cases of serous carcinomas with prominent glandular pattern and endometrioid carcinomas with prominent papillary pattern, the classification was based on nuclear grade. The glands and papillary formations in endometrioid carcinomas were lined by epithelium with Grade 1 or 2 nuclei, whereas serous carcinomas always displayed Grade 3 nuclei. Hematoxylin-eosin stained sections from each case were reviewed, and representative sections from each tumor were selected. The clinical information, including patients' age and clinical stage, was obtained from the Magee-Women's Hospital Tumor Registry.
Immunohistochemistry
Four-micron-thick representative tissue sections were immunohistochemically stained for p53, bcl-2, bax, ER, and PR using a combination of the avidin-biotin complex peroxidase method (ABC kit; Vector Laboratories, Burlingame, CA) and microwave antigen retrieval (15 min-0.01 N citrate buffer, pH 6). The antibody used for the detection of p53 was a mouse, antihuman monoclonal antibody, clone D07 (DAKO, Nutley, NJ; dilution, 1:50, 45 min), designed to recognize an epitope in the N-terminal region, thus detecting elevated levels of both wild type and mutant protein. The primary antibodies used for the detection of the bcl-2 and bax products were a mouse antihuman monoclonal antibody (clone 124; DAKO, Copenhagen, Denmark; dilution 1:50, overnight 40°C) and a rabbitantihuman polyclonal antibody (Pharmingen, San Diego, CA; dilution, 1:1000, overnight 40°C), respectively. To detect ER and PR, the tissue sections were incubated with monoclonal mouse antibodies, clones ID5 and 1A6, respectively (Biogenex, San Ramon, CA; dilution, 1:20, 2 h at room temperature). Appropriate positive controls were performed at the same time (Table 1) while tissue sections in which the primary antibody was omitted were used as negative controls.
Scoring and Statistical Analysis
The stained slides were microscopically analyzed by two independent observers. Specimens were considered immunopositive when a cutoff value of 10% or more of the neoplastic cells showed clear evidence of nuclear immunostaining for p53 and cytoplasmic staining for bcl-2 and bax. The evaluation of ER and PR was performed according to the method described by Carcangiu et al. (21) Based on the percentage of stained cells and the intensity of nuclear stain. The percentage of positive cells was graded as follows: 1, 0 to 25% of the nuclei stained; 2, 26 to 75% of nuclei stained; 3, more than 76% of the nuclei stained. The staining intensity was scored as follows: 1, absent or weak; 2, strong; and 3, very strong. The sum of both parameters gave the immunohistochemical score. Tumors were divided into three categories depending on the immunohistochemical score. Category I corresponded to a score of 2, Category II to a score of 3 or 4, and Category III to a score of 5 or 6. Category I tumors were considered as immunonegative, whereas Category II and III tumors were considered as immunopositive. 2 statistics were used to test for correlations. Statistical significance was considered achieved when the p value was less than or equal to 0.05. All statistical analyses were performed using the statistical program Statistica: basic statistics (StatSoft, Tulsa, OK).
RESULTS
Clinicopathologic Findings
Sixty-one tumors were evaluated: 40 endometrioid carcinomas and 21 papillary serous or mixed papillary serous endometrioid carcinomas. The average age at presentation for UEA and UPSA was 64.5 y and 69.6 y, respectively, and although women with endometrioid carcinoma were approximately 5 y younger on average than women with serous carcinoma, this difference was not statistically significant. Twenty-seven UEA were low grade (Grades 1 and 2), and 13 were high grade (Grade 3). Twenty patients presented with early-stage tumors (Stage IA to IIB), and 20 presented with advanced-stage tumors (IIIA to IVB). All UPSA were Grade 3, and the majority of patients presented with advanced-stage tumors (18 of 21). Thus, the statistical correlation of immunohistochemical results with grade and stage was not possible with this group.
Immunohistochemical Findings
Of the 61 tumors, 30 (49%) showed positive immunoreactivity for p53, 40 (65.6%) for bcl-2, 28 (46%) for bax, 33 (54%) for ER, and 33 (54%) for PR. P53 and ER-PR immunostaining was confined to the nucleus, whereas bcl-2 and bax immunostaining was localized in the cytoplasm. Some bcl-2-positive cells displayed a characteristic perinuclear intensity.
P53 immunostaining was stronger and more diffuse in UPSA than in UEA (Fig. 1 ). Both the intervening stroma and the adjacent benign endometrium (proliferative or hyperplastic with or without atypia) were negative for p53, whereas p53 immunoreactivity extended to the adjacent atrophic epithelium in one papillary serous carcinoma. UEA showed stronger and more uniform staining for bcl-2 than did UPSA (Fig. 2) , although the positivity rate was similar between these two subtypes. Bcl-2 also stained normal endometrial stroma and myometrium, and the staining was usually stronger and more uniform in normal tissues than in carcino- mas. Bax immunopositivity was present in the myometrium, in the wall of the myometrial vessels, in the endometrial stroma, and in the cytoplasm of the adjacent normal endometrial glands proliferative, atrophic, or hyperplastic. In both types of endometrial carcinoma, bax immunoreactivity was similar (Figs. 3A and B) and usually less intense and more heterogeneous than in normal endometrium. Bax positivity was characteristically absent in the areas of squamous differentiation (Fig. 3C) . In some neoplastic cells, the cytoplasmic staining was characteristically granular and subnuclear in location (Fig. 3D) . Table 2 summarizes the results of the immunohistochemical staining in both types of EA. Fourteen of 40 UEA (35%) and 16 of 21 UPSA (76.2%) displayed p53 protein overexpression with a significant difference (p ϭ .003) between the two histologic types. Both ER expression and PR expression were significantly higher in UEA (p ϭ .005 and .0005) than in UPSA (Fig. 4) , whereas no difference was found regarding bcl-2 and bax positivity in both types. Table 3 summarizes the correlation of immunohistochemical staining and tumor grade in EA. P53 overexpression was more often associated with high-grade tumors (p ϭ .0006), whereas bax, ER, and PR expression was more common in low-grade tumors (p ϭ .04, .0006, and .003). Bcl-2 immunoreactivity was also more common in low-grade tumors, but this difference was not statistically significant. According to Table 4 , p53 immunopositivity was more common in advanced-rather than earlystage endometrial carcinoma (55% versus 15%; p ϭ .006), whereas ER and PR were more often associated with early-stage tumors (p ϭ .0001 and .0006). Both bcl-2 and bax were more often present in early-rather than advanced-stage tumors, but the difference was not statistically significant. Table 5 summarizes the correlation between bax and p53, bcl-2, ER, and PR immunoreactivity in EA. There is a statistically significant inverse relationship between bax and p53 (p ϭ .05), more significant in carcinomas of endometrioid than serous type (p ϭ .01). This finding is consistent with the fact that the absence of p53 immunoreactivity correlates with the presence of normal wild type p53 protein that induces bax expression. Bax positivity correlated with PR positivity near the limit of statistical significance (p ϭ .08), whereas no relationship was found among bax, bcl-2, and ER expression.
DISCUSSION
The results of multiple studies that investigated the molecular and genetic alterations in endometrial carcinogenesis have often been controversial and reflect the complexity and diversity of this process. EA comprises a morphologically heterogeneous group that includes tumors composed of glands resembling normal endometrium (endometrioid type) and tumors that arise in the extended Mü llerian system, such as papillary serous carcinomas or clear cell carcinomas.
A large number of EA express ER and PR (22) . Therefore, the absence of ER and PR expression may be an important finding in the process of advancement of endometrial carcinogenesis (23) . In addition, as in other neoplasms, tumor growth and progression depend on the alterations of oncogenes and tumor suppressor genes that most likely accumulate during a multistage process and cause the imbalance between proliferation and programmed cell death or apoptosis (24) . Three genes involved in the regulation of cell cycle and apoptosis investigated in the current study are p53, bcl-2, and bax.
The overall rate of p53 positivity in our study was 49%. Almost two thirds of our cases were of either high grade or advanced stage (Stage III and IV), which is consistent with previous reports that described p53 positivity as approximately 10 to 15% in early-and 40 to 52% in advanced-stage EA (25) (26) (27) . Also, as in previous studies, p53 positivity was significantly higher in papillary serous than in endometrioid carcinomas (6, 7, 28 -36) . The high rate of p53 positivity found in UPSA (76.2%) could be compared only with that reported for uterine carcinosarcomas that share the same aggressive behavior (37) . The difference in p53 overexpression between the two histologic types disappeared, however, when UPSA and UEA were matched by nuclear grade (Grade 3 UEA 69% versus UPSA 76.2%). This finding is in agreement with the study of Zheng et al. (28) as well as with similar correlations of p53 positivity with high nuclear grade in infiltrating duct carcinoma of the breast (38) . The difference in p53 expression in the two types of EA includes not only the percentage of p53-positive tumors but also the cause and timing of p53 alterations. In UPSA, p53 protein overexpression correlates closely with the presence of p53 mutations and the loss of p53 function (35) . In UEA, p53 protein accumulation can occur without a detectable gene mutation because 21 to 52% show p53 positivity (26, 27) but only 14 to 23% contain p53 mutation (26, 39, 40) . A possible explanation for the phenomenon of p53 expression without mutation in UEA is a posttranscriptional conformational change of the wild type protein that might occur if the molecule underwent complex formation with other nuclear proteins, such as mdm-2 (41, 42) . A selective correlation of mdm-2 expression with p53 expression in UEA was previously reported, whereas such a correlation was not found in UPSA (42) . The absence of p53 alterations in atypical hyperplasia and significantly higher p53 immunopositivity in high-grade and advanced-stage UEA in the current study sup- port the late occurrence of p53 alterations in the pathogenesis of endometrioid tumors (26, 29, 32, 33, (43) (44) (45) (46) (47) . In serous tumors, the reported identification of p53 overexpression and gene mutation in endometrial intraepithelial carcinoma, a recently identified precursor of UPSA (48, 49) as well as in early-stage UPSA (28) , support the early occurrence of p53 alterations. In our study, there was extension of p53 immunoreactivity to the adjacent atrophic atypical endometrial glands in one of the diffusely immunopositive UPSA and the accumulation of p53 protein in a very small superficially invasive UPSA arising in an endometrial polyp. The bcl-2 proto-oncogene encodes a protein that determines whether a cell will proceed to apoptosis or remain viable. The bcl-2 protein blocks apoptosis induced by several stimuli without affecting cell proliferation. The other proteins that belong to the bcl-2 family include bax, bcl-x, bad, bak, A1, and mcl-1. Among these, bax has a critical role in apoptosis because of its ability to homodimerize with itself or heterodimerize with bcl-2. In particular, bax homodimer promotes apoptosis, whereas bax/ bcl-2 heterodimer inhibits it. The wild type p53 protein is related to this family by counteracting the action of bcl-2 and acting as a transcriptional activator of bax (19) . Consequently, mutant or inactivated p53, like bcl-2, blocks apoptosis. Cyclical expression of the bcl-2 protein has been demonstrated in the normal endometrium during the menstrual cycle and seems to be under hormonal control (52) . In the present study, normal (proliferative and hyperplastic) endometrium adjacent to tumor showed strong and homogeneous staining, stronger in the majority of cases than the tumor itself. This is consistent with previous studies according to which bcl-2 is strongly expressed in the estrogen-dependent proliferative endometrium and becomes progressively weaker in hyperplastic endometrium and endometrial carcinoma (52) (53) (54) . Bcl-2 overexpression in more than 10% of tumor cells was found in 65.6% of the 61 examined carcinomas, whereas the rates reported in the literature range widely from 34 to 85% (28, (55) (56) (57) . Although no difference was noted in the frequency of bcl-2 expression in UEA and UPSA (65 versus 66.5%), UPSA showed less intense and more heterogeneous expression of this marker than did UEA. In agreement with this observation are the reports of Niemann et al. (58) and Zheng et al. (28) . Although bcl-2 expression in the current study was more frequent in low-grade endometrioid carcinomas, this difference was not statistically significant. Most of the previous reports showed higher incidence of bcl-2 positivity in well-differentiated tumors, but some found no association between bcl-2 expression and histologic grade (55, 58) . In our study, bcl-2 expression was also associated with earlystage endometrioid tumors (75 versus 55%) and the difference was very close to the limit of statistical significance (p ϭ .07). Conflicting results have been reported in the literature regarding this issue (28, 54 -58) . The discrepancy of bcl-2 staining in different grades and stages of endometrial carcinoma between studies is most likely the result of a number of factors, including the relative antibody sensitivity, the different immunohistochemical techniques, the difference in patient selection, and the different thresholds for bcl-2 positivity. Thus, it is important for investigators to establish similar methodologies to understand fully the complex role of bcl-2 in the initiation and progression of tumors. The reduction of bcl-2 immunoreactivity from proliferative endometrium to endometrial carcinoma and from early-to advanced-stage EA suggests that the role of bcl-2-related apoptosis is less important in advanced-stage endometrial carcinoma. It seems likely that, in early stages, tumors with bcl-2-positive long-lived cells may have more chance to accumulate other gene abnormalities for further malignant transformation. Once transformed cells acquire malignant phenotypes, bcl-2 protein does not play an important role anymore and may be inactivated by cellular mechanisms that modify and decrease its expression.
The distribution of bax, to our knowledge, has never been reported in the human uterus, and the only data available describe its expression in female mice (59) . In the current study, we detected strong bax immunoactivity in the myometrium, including the walls of the myometrial vessels, as well as in proliferative, atrophic, or hyperplastic endometrium. Bax positivity was always stronger in normal tissues than in EA. These results are similar to bax positivity in esophageal, prostate, gastric, and breast carcinomas, whereas in colorectal adenomas and carcinomas, bax expression was stronger than in the normal colonic mucosa (60 -65) . Twentyeight of 61 examined tumors showed bax overexpression in more than 10% of the neoplastic cells, and there was no difference between UEA and UPSA. Bax overexpression was significantly associated with well-differentiated endometrioid carcinomas. Early-stage endometrioid tumors also expressed bax more frequently than did advanced stage, but the difference was not statistically significant. The reduced incidence of bax expression in high-grade and advanced-stage endometrioid tumors in this series can be explained in part by an inverse relationship between bax and p53 hyperexpression. It has been previously described that the bax gene promoter contains four consensusbinding site sequences for the tumor suppressor p53. Furthermore, only wild but not mutant p53 can transactivate the bax gene promoter (19) . Consequently, a more common p53 expression in highgrade and advanced-stage EA may result in a reduced expression of bax protein in these tumors. In contrast, other tumors, such as breast carcinoma, do not show this correlation, suggesting that p53 is not a dominant regulator of bax expression in their development (63) . In addition, this study showed a positive correlation between bax and PR expression, which again is in discordance with the results of similar correlations in breast cancer 63). Finally, no correlation between the expression of the antiapoptotic bcl-2 protein and the proapoptotic bax protein was noted, compared with an inverse correlation between these proteins found in esophageal and neuroendocrine lung tumors (60, 66) . Bcl-2, however, is not the only antiapoptotic member of the bcl-2 family, and it would be interesting to investigate the association of bax expression with any other antiapoptotic members, such as bcl-XL and Mcl-1, to define the significance of their interaction with the bax protein.
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